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Abstract 

The motion of a particle near the Reissner-Nordstrom black hole horizon is described by conformal 
mechanics. In this paper we present an extended one-dimensional analysis of the N — 4 superconfor- 
mal mechanics coupled to n-copies of N — 8, d = 1 vector supermultiplets. The constructed system 
possesses a special Kahler geometry in the scalar sector of the vector multiplets as well as an N — 4 
superconformal symmetry which is provided by a proper coupling to a dilaton superfield. The super- 
conformal symmetry completely fixes the resulting action. We explicitly demonstrate that the electric 
and magnetic charges, presenting in the "effective black hole" action, appear as a result of resolving 
constraints on the auxiliary components of the vector supermultiplets. We present the component 
action, supercharges and Hamiltonian with all fermionic terms included. One of the possible ways 
to generalize the black hole potential is to consider a modified version of the N = 4 superconformal 
multiplet where its auxiliary components acquire non-zero constant values. We explicitly write down 
the corresponding modified black hole potential. 



1 Introduction 



Recently, the supersymmetric one dimensional theories appeared in the two different but related four- 
dimensional systems. Firstly, in [T] it was established connection between black holes and conformal 
mechanics [2] . Geodesic motion of a particle near the horizon of an extreme Reissner- Nordstrom black hole 
was shown to be related to the relativistic version of the De Alfaro-Fubini-Furlan conformal mechanics. 
Later on it was demonstrated j3j that this new version of relativistic conformal mechanics is just a known 
one rewritten in another coordinate system. Secondly, one-dimensional supersymmetric theories appear 
when considering a geodesic motion in the black hole background in the presence of N = 2, d = 4 vector 
supermultiplets [H [5] . The corresponding one dimensional action is fully specified by the metric of the 
scalars which describes a special Kahler geometry [6], and the effective black hole potential Vbh , which 
depends only on the scalars and electric and magnetic charges. The resulting system has been intensively 
studied also within attractor mechanism framework [TJ. 

In both these approaches the fermionic sectors are (almost) completely ignored. One reason for 
neglecting fermions is that most of needed features are really encoded in the bosonic sector of these 
theories. Another reason is that the dimensional reduction is not straightforward, especially in the 
fermionic sector. That is why in the present paper we attempt to consider both these one-dimensional 
theories with all fermionic terms included within one-dimensional supersymmetry framework. 

The main topics we are going to consider include the following ones: 

• We demonstrate how the effective black hole potential, with proper electric qA and magnetic p A 
charges, arises in a theory with ?i-copies of self-coupled N = 8, d = 1 vector supermultiplets 
(Section [2]). The important new peculiarities are the appearance of the charges as a result of a 
specific solution of the basic constraints on the auxiliary components of the vector supermultiplets. 

• We analyze the structure of the action in terms of N = 4, d = 1 supermultiplets (Section [3]) . 
This is a necessary step to couple the vector supermultiplets to N = 4, d = 1 conformal super- 
multiplet. We split N = 8 vector supermultiplet in two N — 4 ones; the equivalence of these 
representations was first shown in [5] . Each of these N = 4 supermultiplets possesses one physical 
boson and four fermions. The superfield constraints, describing the N — 4 supermultiplets, contain 
differential equation on two auxiliary components. Namely the solution to these equations intro- 
duces p-charges in the black hole potential. The g-charges appear after dualization of the other 
auxiliary components. 

• We consider the N = 4, d = 1 superconformal symmetry (Section |4| . The most important here 
is different conformal properties of the two N — A, d — \ supermultiplets forming N = 8, d = 1 
vector one. It turns out that with respect to the superconformal transformations, one of them is a 
vector superfield, while the other is a scalar one. This completely fixes the action in terms of N = 4 
superfields. In the paper we deal only with the case of SU(1, 1|2) superconformal group. 

• Finally, we pass to the components and presented the general action with all fermionic terms 
included (Section [5]). The explicit form of the supercharges and the Hamiltonian is also given in 
this Section. 

• We also propose a possible generalization to the case where the superconformal multiplet itself 
contains non vanishing coupling constant. The modified bosonic black hole potential is explicitly 
written (Section [5]). 

2 N=8 vector supermultiplet and BH potential 

In this Section we demonstrate how the bosonic sector of the most general action for n- vector N = 8, d = 1 
supermultiplets reproduces the main part of the BH action [?J [5] (with the supergravity sector being 
switched off). The constructed action contains the effective "black hole potential" initially introduced 
in [5]. We also explain how the electric and magnetic charges, entering this potential, appear within 
one-dimensional supersymmetry formalism. 

The heart of the N = 2, d = 4 SYM theory is formed by a vector supermultiplet, which describes 
spin-1 particles, accompanied by complex scalar fields and doublets of spinor fields. The geometry of the 
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scalar fields is restricted to be a special Kahler one [6]. The restriction that the metric be defined by a 
holomorphic function is rather crucial for the consideration. 

It is known for a long time that the standard reduction from the N = 2, d = 4 SYM to d = 1 gives 
rise to a N = 8 supersymmetric theory with five bosonic fields, i.e., the (5, 8, 3) supermultiplet0 [9lfT0]. 
Of course, after such a reduction the geometry of the bosonic sector is be completely different from the 
special Kahler one. Fortunately, there is another version of the dimensional reduction from N = 2, d = 4 
SYM to one dimension [TTJ [T^] . This reduction is performed in terms of the field strength, rather than 
in terms of a prepotential [91 [TU] . In such an approach only a complex scalar of the vector multiplct 
becomes a physical boson in d = 1, while the rest of the bosonic components turns into auxiliary fields. 
Thus, we end up with the (2, 8, 6) supermultiplet. 

The most general N = 8 supersymmetric action for n-many vector supermultiplets can be written as 
an integral over N = 4 subspace of K 1 ' 8 superspace 

S = - J dtd 2 6 2 d 2 i} 2 F(Z A )- J dtd 2 6 1 d 2 $ 1 J(z A ), A=l,...,n, (2.1) 

where T{Z A ) and J'fZ' 4 ) are arbitrary holomorphic functions of the vector supermultiplets Z A and Z A , 
respectively. All relevant notations and definitions are given in appendix A. 

This action is notable for the fact that its bosonic part contains the well-known effective black hole 
potential |5| 

S bos = J dt [M AB z A z B - V( P , g, z,z)\, V= — ( P g) ( r M _ lN M _ a J rj (2.2) 

with the standard notations explained below, see formula (|2.1ip . The appearance of the constants p A 
and qA is closely related to the proper treatment of the constraints on the auxiliary components of the 
vector supermultiplet. To clarify this point we integrate over the Grassmann variables in the action (|2.1|) 
and take its bosonic part: 



Sbos = I dt 



F\ U i 7 mj j z A t B + -L f F AB X A Y B + F AB X A Y IJ 



(2.3) 



The functions F A b(z) and Fab(z) are nothing but a bosonic limit of the corresponding second deriva- 
tives of the prepotential T{Z) (see appendix [A"f . The auxiliary components X A and Y A of the vector 
supermultiplet are not completely independent, but subjected to the constraints (|A.4[) : 

!L(x A -Y A )=Q, (2.4) 

while the rest four auxiliary bosonic components Y aa are expressed, as a consequence of their equations 
of motion, only in terms of the fermions and, therefore, they do not contribute to the bosonic part of the 
action. 

To deal with the constraints (|2.4|) let us firstly split them as follow 

^- t Re(X A -Y A )=0, (2.5) 

4- Im (X A + Y A ) = 0. (2.6) 

ot ' 

Then one may check that under the N = 8 supersymmetry, Re X A and Re Y A transform as a total time 
derivative: 

d 

<5Re X A = (5Re Y A - — (fermions) . (2.7) 



So, we may solve (|2.5|) as follows 

Re X A =Rey /t = d t T A (2.8) 

without breaking the N = 8 supersymmetry. Let us stress, that only due to the transformation proper- 
ties (|2.7[) the right hand side in (|2.8[) can be represented as a time derivative of a new bosonic field T A . 



1 We use the notation (n, N, N — n), in order to describe a supermultiplet with n physical bosons, N fermions and N — n 
auxiliary bosons. 
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Concerning constraints (12. 6|) . we just solve them as 

Im (X A + Y A ) =p A = const, (2.9) 

where the constants p A are identified as magnetic charges corresponding to the black hole [5] . Substituting 
all these into the action (|2.3[) we get 



Sbos — 

where 



J dt M AB z A z B + ±M AB (t A t B - p A p B + c A c B ) + 1 N AB p A T B 



(2.10) 



M AB =F AB +F AB , N AB =i(F AB -F AB ), c A = Im (X A - Y A ) . (2.11) 

Again, the auxiliary components c do not contribute to the bosonic part of the action and, consequently, 
might be neglected. 

The coordinates T A are cyclic; the corresponding conserved quantities are identified with the electric 
charges q A : 

V t a = i [M AB T B + N AB p B ) = --q A = const. (2.12) 

Performing the Rauth transform with respect to the variable T A we get the action (|2.2j) with V(p, q, z, z) 
being exactly the effective black hole potential of Ref [5] . The full supersymmetric form of this action is 
given in the forthcoming Sections. 

Despite the complete coincidence of the derived potential V(p,q, z,z) with that one of Ref [5], the 
actions do not coincide - it is easy to see that in the action (|2.2p it is missing one degree of freedom, 
namely that one corresponding to a dilaton. To make this field enter the game in a supersymmetric 
manner, one should introduce the interaction of the vector supermultiplet with anJV = 4 superconformal 
multiplet, which contains a dilaton among its components. Before doing this, let us first describe the 
vector supermultiplet in N — 4 setup, which is used to describe the superconformal multiplet. 

3 The vector supermultiplet in N = 4 superspace 

The simplest way to introduce the interaction with the N = 4 conformal supermultiplet is to use N = 4 
superfields. So, let us discuss how the N = 8 vector supermultiplet is formulated in N = 4 superspace. 

As a first step, we identify the SU (2) indices a and a and introduce the following set of covariant 
derivatives constructed from £)* a ,V la (|A.1[) : 

D a = i (D la + iV 2a ) 7 D a = -^= (D 2a + iV la ) , 

V2 V2 ^3 ]\ 

V a = — (D la - i\7 2a ) , V a = -= (D 2a - i\7 la ) . 
v 2 v 2 

Then we introduce the real and imaginary parts of the vector multiplet 2, Z: 

I(Z + Z), * = -i{z-Z). (3.2) 
In terms of these variables the constraints (|A.2h ) have the following form 

D a U + iV a § = 0, V Q f/ + iL> a $ = 0, ~D a U - iV a $ = 0, V a U - i~D a <5> = 0. (3.3) 

The role of these constraints is quite clear: they express V a and V a derivatives of the TV = 8 superfields U 

and (f> in terms of D a and Df, ones. Therefore, all components of the vector supermultiplets are contained 
in the N = 4 superfields u and (j> depending on 6 a — i$ a and 8 a — id a only: 

u = u\ _ _ , (j> = d _ _ . (3.4) 

The second set of the constraints (|A.2b ). being rewritten in the new basis, produces the irreducibility 
constraints on the N = 4 superfields u and <f>: 

D a ,D a ]u = Q (a), ( D a D b + D b D a ) = (6). (3.5) 



U 2 



3 



These constraints define the standard and twisted N — 4 supcrmultiplets, each containing one physical 
boson and four fermions [131 Hlj ■ Let us note that from (|3.5a ) it immediately follows that 

5*-5 A -» (3 ' 6> 

where D 2 = D a D a and D 2 = D a D a . These equations are just TV = 4 variant of constraints (|A.4I) . 
Finally, using (|3 . 3|) one may rewrite the action (|2.1[) as an integral over the N — 4 superspace 



did 2 9 d 2 9 



F(u A + i<b A )+T(u A -i6 A ) 



(3.7) 



Last thing which has to be clarified is the appearance of the electric and magnetic charges within N = 4 
formalism. It is rather easy to check that the equation (|2.9[) results in the conditions 



D 2 u A = ip A , D 2 u A = ~ip A , (3.8) 
while the N = 4 analog of the condition (12. 8j) reads 

i(r> 2 <j> A -D 2 <f>A =d t r A . (3.9) 

Thus we have all the ingredients to reproduce the effective black hole action in terms of N = 4 superfields. 
In the next Section we will consider N — 4 superconformal multiplet and will couple it to the black hole 
action. 

To close this Section let us note that the equations (|3 - 8[) and (|3.9p explicitly break the evident U(l) 
symmetry realized as 

SD a = iaD a , 5D a = -ia~D a . (3.10) 
Instead of this symmetry another U(l) invariance appears in the system 

6D a = (3D a , 5D a = -l3D a . (3.11) 

It is quite easy to check that the constraints (|3.5p . (|3.8[) and (|3.9p are invariant with respect to this U(l) 
symmetry This fact will be important in the Section [5] when introducing fcrmionic and auxiliary com- 
ponents with the proper charges with respect to this U(l) group. 



4 Maintaining N=4 superconformal symmetry 

In this Section we are going to couple the effective black hole action (|3.7[) to the N — 4 superconformal 
multiplet. In one dimension the most general superconformal group is D(2,l;o!) one |15j . Here we 
restrict our consideration by the special case with a = —1 which corresponds to SU(1, 1|2) symmetry. 
This superconformal group has natural realization in the N = 4, d = 1 superspace |13j 

St = E - U a D a E - h a D a E, 69 a = -~D a E, 59 = -±D a E, (4.1) 

where the superfunction E(t, 9, 9) collects all SU(1, 1|2) parameters: 

E = f(t)-2i [e6 - Oe) + 9 a 9 b B {ab) +2(e9 + 0e) (99) + ± (99) 2 j. (4.2) 

Here 

f = a + bt + ct 2 , e a = e a +tr) a . (4.3) 

The bosonic parameters a, 6, c and -B( a {>) correspond to translations, dilatations, conformal boosts and 
rigid SU(2) rotations, while fermionic parameters e a and r] a correspond to Poincare and conformal su- 
persymmctrics, respectively. 

It is important that by definition the function E obey conditions 



D E = D E 



D a , D a ] E = 0, d?E = d 2 D a E = d t D [a D b) E = 0. (4.4) 
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As usually, we consider the systems where the conformal supersymmetry is spontaneously broken. There- 
fore, to maintain SU (1, 1|2) invariance, one has to introduce the super-dilaton — N — 4, d — 1 superfield u 
which transforms as follows 

5u = d t E. (4.5) 
It is known for a long time [13] that the super-dilaton has to be further constrained by the conditions 



D 2y = D ly 



D a ,D n 



Y = 0, Y = e". (4.6) 



These constraints are fully compatible with the transformation properties (14. ip . (|4.5[) . 
The invariant superspace measure is defined as 

As = dtd 2 9d 2 9 Y, (4.7) 

while the invariant action for superconformal multiplet Y is unambiguously restored to be 

S g = - J dtd 2 9d 2 Q Y log Y. (4.8) 

Clearly enough, the invariant action for the matter fields A can be constructed as 

Smaller = ~ f dtd 2 Qd 2 Q Y G(A), (4.9) 



provided the superfields A are scalars under the superconformal transformations. In black hole action (|3.7[) 
we have two sets of the N = 4 superfields: u A and <fr A restricted by the constraints (|3.5[) . Keeping in the 
mind the transformation properties of the covariant spinor derivatives D a , D a under SU(1, 1|2) 

SD a = - l - (p a D b E) D\ SD a = - l - (D a D b E^j D b (4.10) 



one may check that the constraints (13. 5p are invariant under the N = 4 superconformal group if the 
superfields u A , <j) A have the following transformation properties 

8u A = d t E u A , 5<t) A = 0. (4.11) 

So, the superfields <p A are scalars under superconformal transformations, while u A are vectors. The 
simplest way to construct scalars from the superfields u A is to consider the combinations {u A Y~ r ). 
Therefore, the superconformally invariant black hole action reads 



!<>;-■ Y ■ (^r-U A \ ■ J' I — 



(4.12) 



S =- J dtd z 6d z Y 

where the N = 4 superfields are constrained by the conditions (|3.5[) . (|3.8[) and (|4.6[) . 

In the next Section we will consider this action on the component level and with the fields 
introduced and then dualized into the charges qA- 

It is worth mentioning that there is another possibility to construct scalar superfields from u A ones. 
Indeed, the ratio of any two superfields u A , for example the superfields u A /u 1 , are perfectly scalars with 
respect to the superconformal transformations. So, an arbitrary function of these superfields is a good 
candidate to be an invariant Lagrangian density. The full analysis of a such situation is out of the scope 
of the present paper and will be considered elsewhere. 



5 Field content of the supersymmetric black hole action 

To find the components action one has to integrate over the Grassmann variables in the superfield 
action (|4~T2]) . remove the auxiliary components through their equations of motion and perform the dual- 
ization in a way discussed in the previous sections. Before presenting the component action let us define 
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the physical bosonic and fermionic components as 



u 
~Y 



u 
~Y 



y = Y 



— (iD a -D a )z / 
2 v 



[iD a - D a )r 



X = \l -^{iD a - D a )z J 



1 



(vD„ - D a )z J 



Pa 



2Y 

1 



(iD a - D a )Y, 
(W a - D a )Y, 



(5.1) 



5' 



dt 



where in the right hand sides it is supposed to be taken only the first components in their Grassmann de- 
compositions. Being integrated over the Grassmann variables, the expression (|4.12p acquires the following 
form 

- y 2 + yM AB z A z B - - V(p, q, z, z) 
_V . V 

+z (p a p a p a p a ) + l - M AB (f, aA f] B - V aA V* + X aA X B a ~ X aA X B a ) 

+ l - M AB Z A (p*t ~ X aB Pa) + \ M AB ~Z A (p^xf " V aB Pa) 



j (F ABC z A - F AB qz a 
l - (q A - 2iF ABP B 



H B € 



X Xa J 



(5.2) 



P a x A 



r? A p a + 2M^F C DEV a °xt 



AE i 



aC-D\ 



(q A + 2iF AB p B ) (p a fj A + X aA Pa + 2M AE F CDEX aC n L a 



The expression for V{p 1 q,z,z) is given earlier by the formula ()2.2jl . The dots stand for four-fermionic 
terms; they do not depend on the charges p A , q A and since their explicit form is not too illuminated, 
they are written down only in the Hamiltonian. 

The explicit form of the on-shell action (|5.2|) together with the N = 4 supersymmctry transforma- 
tions (|4.5p . (|4.11|) provides all ingredients needed to construct the supercharges and Hamiltonian. As 
usual, the structure of the fermionic momenta means that the system possesses second class constraints 
and, therefore, one has pass to Dirac brackets. The rest of the calculations goes straightforwardly, so we 
omit all details and present the final results. 

The non-vanishing Dirac brackets between the canonical variables read 



{y,V y } = 1, {z A ,V B } = S A , {z A P B } = S A , {V A ,V B } = iM CD F ACE F BDF {r, aE fj F - X aF T a ) , 
{V A , V aB } = M BC F ACD rf D , {V A ,x aB } = M BC F ACD x aD , 
{P A ,fj aB }=M BC F ACD ff D , {-PA,X aB }=M BC F ACDX aD , 



{p a ,p b } = ^S a b , {r," A ,f> B }=iM AB 5 a b , {x aA x B }=iM AB 6%. 



(5.3) 



The supercharges can be represented as 

1 



} a = Q° 



\a = Qa + —J= 

Vy 



Q a S a 
Qa + S a 



M 



AB 



:M 



-LAB 



'y 



<aA-b)B . , <aA-b)l 

V V +X y X 



Pb, 



(5.4) 



Here we split up the supercharges to make its structure clearer: it contains pure dilaton contribution Q a , 
a pair of supercharges Q a and S a , corresponding to the vector supermultiplct, and an "interference" 
term: 



Q a = ^yp a v y 



zVy 



P 2 P a , 



Q° = v aA r A ~ ± F ABC x bA x B n aC + i(qa- 2 1 f abP b ) r 
s a = x aA v A + l ^FAB C n A n bB x a 



(5.5) 



\ (q A - 2lF ABP B ) X aA . 
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The supercharges Q form N = 4 superalgebra 

{Q a ,Q b } = 2iS£M, {Q a , Q b } = {Q a , Q b } = {H, Q b } = {H, Q 6 } = 0, (5.6) 
where the Hamiltonian reads 

M=~ M ab VaP b + - V + \ yVl + ±- p 2 p 2 
y y 4 y 8y 

- Yy Va ^ + ~ Yy Pa (P^* + P^ A ) 

+ ± M AD Fabc {rf B € + X B a X aC ) (to 2iF DE p E ) 

- ± M ad ~Fabc (v B fj aC + X aB X C ;) (to + 2iFdeP E ) 

+ ±- UP" {nt ~ Xi ) ~ ^ VAPa {V^ ~ X^) + Y y M ^P [a p b) (Vf a €) + xfaX^) 

- ± V A Fab (p a V A + PaX aA ) ~ ^ P A Fab ( P a X A + PaV aA ) (5.7) 

- i M AD F ABC F DEF r, aB ^ X aE x F a ~ ^ A^ B M CDJJ ("^^ x f a xlj 

- F ABC \V Va PbX +XaX P Xb ) ~ ^ * ABC (X Xa P Xb J 

+ (^F abcd ~ M EF F ABE F CDF - 2M ef F ace F B df) X aA XaVbV h ° 
+ {Fabcd - M ef F ABE F C df - 2M ef F ace F B df) V aA VaXbt° 
+ 1 (if^F DW - 1 M BC M BF ) (V^Sf^ + X (aB X b)C xf a ^ 

The highlighted structure of the supercharges Q a ,Q a is not accidental. One may check that each set of 
the sub-supercharges Q a ,Q b , Q a , Q b and S a ,S b independently forms AT = 4 superalgebra 

{Q a ,Q b } = 2i%H, {Q a , Q b } = 2i5 a b H, {S a ,S b } = 2tS^H, (5.8) 
where the Hamiltonians of the conformal and vector multiplets have the form: 

H = X -M AB V A V B + \v 

X ivi r AB c V'/ Va I" Xa X ) yiD - DET E 

I 



^ M AD F ABC (v aB V C a + X^) (to - 2*iW 

1 g M AD F ABC (v B ff C + X aB X C a ) (to + 2iF DEP E ) (5.9) 
~ ( Fabcd - M ee 'f A beFcde> ~ 2M ee 'f A ce~Fbde>) X aA XaVbV bD 



+ I (Fabcd - M EE ' FabeFcde> - 2M EE ' F ACE F BDE >) V aA VaXbX bD 

i 1 h/tADt^ I aB C-E-bF , aB C -E - b F A aB -C E -bF\ 

+ - M FabcFdef [X XaVbV +V VaXhX ~ 4?7 VaXbX > ■ 

As it was mentioned above, the supercharges Q a ,Q b are recognized as the supercharges of one dimen- 
sional N — 4 superconformal mechanics [131 116j , while the mutually anticommuting supercharges Q a 
and S a span N = 8 superalgebra with vanishing central charge [TT1[T1|. Thus, coupling of the vector 
supermultiplet to the superconformal one goes through the "diagonal" centerless N = 4 superalgebra 
spanned by the combinations Q a — S a in the full N = 8 supersymmetry existing in the case on n-copies 
of N — 8, d — 1 vector supermultiplets. 
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6 Black hole potential modification 

From the point of view of the supcrconformal group SU(1, 1|2), the superconformal multiplct is defined 
as an exponential of the dilaton superfield u. The covariance with respect to the superconformal transfor- 
mations fixes the irreducibility constraints to be (|4.6[) . Really speaking, these constraints may be slightly 

modified as 

D a D a Y = im, D a D a Y = -im, [D a , D a \Y = 0. (6.1) 

This seems to be the only possible modification of the constraints supporting superconformal symmetry 
and U(l) symmetry p. lip . 

The supersymmetric action preserves its previous form, but due to the presence of the constant m, 
its component form gets modified (we consider here only its bosonic part) 



dt 



yM AB z A z B ' ''• 



yF. 



AD 



m m 
V 4y 4 
X A - im Re z A 



(Y A - Y A )(F A - Fa) + yM AB c A c B 
' X B + im Rez B 



yF 



AB 



y 

X A - im Rez A 

y 



iY J 



iY J 



X B + im Re z B 



iY' 



iY- 



(6.2) 



It is obvious that on-shell in the pure bosonic limit the auxiliary fields c A vanish. The dualization goes 
the same way as it is described in the previous section: one should declare the auxiliary field X A be a 
constant (again, due to U(l) arguing, it has to be an imaginary one), while the field Y A be split on the 
real and imaginary parts 



X A = ip A , 



X A = -ip A , Y A =ReY A +HmY A . 



The later field has to be dualized ImY A = dtT A , while the former - eliminated as it usually happens to 
auxiliary fields. The result is 



s 



dt 



yM AB z A z B < V 



1, 



-V, 



y y 



eff 



Ay 



V{P, Q, z, z) 



(6.3) 



The form of the black hole potential 
dence on new "charges" 



remains unchanged apart from the fact that it acquires depen- 



P A 



: V 



m Re z 



q A = q A -im(F A - F A 



(F A - F A ^ 



Thus we see that this modification results in the field-dependent shifts of the electric and magnetic 
charges q A and p A . The detailed discussion of such a modification will be considered elsewhere. 



Conclusion 

In this paper we analyzed a system constructed by coupling of n-copies of N = 8, d = 1 vector su- 
permultiplets to N — 4 superconformal one. The N — 4 superconformal symmetry uniquely fixes the 
resulting action. We demonstrated that the electric and magnetic charges, presenting in the "effective 
black hole" action [5] appear as a result of solving the constraints on the auxiliary components of the 
vector supermultiplets. We also present the full component action with all fermionic terms included as 
well as the supercharges and Hamiltonian. The one of the possible ways to generalize the black hole 
potential is to consider modification of the N = 4 superconformal multiplet by assigning non vanishing 
constant values to its auxiliary fields. We explicitly wrote down the corresponding modified black hole 
potential. 

In some sense this paper can be considered as a continuation of the studies initiated in pQ. Keeping 
in mind that the "new conformal mechanics" constructed in [1] is nothing but standard one [2] rewritten 
in terms of other coordinates [3], one may hope that the constructed system describes the dynamics 
of a particle near the horizon of an extreme Reissner-Nordstrom black hole when the interaction with 
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electromagnetic fields is turned on. The dimensional reduction from d = 4 to d = 1 is not straightforward 
in this case. Therefore, the fully one-dimensional consideration we presented in this paper could be useful. 

Another very interesting area of applications of the system considered is a possible relation to a 
one-dimensional geodesic motion in a black hole background in the presence of N — 2, d — 4 vector 
supermultiplcts [5] . The main problem in this direction is that our bosonic action is different from those 
one in [S] by a factor. Of course, this difference appears because we insist on the N — 4 superconformal 
symmetry which is absent in the action of [5]. Nevertheless, it sounds reasonable that our action could 
appear in some limit (near BH horizon?). If it happens, the full action with all fcrmionic terms included 
could help to analyze the attractor mechanism, etc. Related question is whether it is possible to keep 
all N — 8 supersymmetry unbroken? To construct such an action one has to introduce the interaction 
with N = 8 superconformal multiplct. Unfortunately, up to now such a multiplet, which admits a non- 
trivial potential term in the action, is known to have only on-shell description [13]. But this is not the 
problem provided we are working in the Hamiltonian formalism. We are planning to consider such a 
system elsewhere. 
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A Appendix 

The natural framework to describe N = 8 vector supermultiplet is the N = 8, d = 1 superspace M 1 ' 8 

m 1 ' 8 = (t, o ia , , (e ia y=0 ia , (# ia y=-& ia , 

where i, a, a = 1, 2 are doublet indices of three SU(2) subgroups of the automorphism group of N = 8 
superspace. SU{2) metric is given by the skew-symmetric tensor 

jk rfc 21 -, 

6ije J = di, ei2 = e =1. 

In superspace M 1 ' 8 we define covariant spinor derivatives satisfying the following superalgebra 

{D la , D lb ) = 2ie tj e ab d t , { V iQ , V J/3 } = 2ie ij e af} d t . (A.l) 

In full analogy with N = 2, d = 4 SYM, we introduce a complex scalar N = 8 superfield Z subjected to 
the following constraints: 

D la Z = V la Z = 0, _ D 2a Z = V 2a Z = 0, (a) 
\7 2a D 2a Z + \7 la D la Z = 0. (6) 

The constraints (|A.2[) leave the following components in the N — 8 superfields Z, Z: 

z = Z, z = ~Z, Y aa = D 2a \7 2a Z, Y aa = -D la \7 la Z = Y aa , 

V = D 2a Z, ik = -Dl~Z, _ £, a = V 2a Z, §* = -VlZ, _ (A.3) 

X = -iD 2a D 2 a Z, X = -iD la D\Z, Y = -iV 2a V 2 a Z, Y = -iV^V^Z, 

where the right hand side of each expression is supposed to be taken upon 9 la = = 0. The bosonic 
auxiliary components X and Y are subjected, in virtue of (|A.2|) . to the additional constraints 

|(Y-F).0, §- t {x-Y)=0. (A.4) 
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Simple component counting gives that we have two physical bosons, eight fermions and six auxiliary 
fields, i.e. (2, 8, 6) supermultiplet. 

When writing down supersymmetric actions, we make use of intuitively understandable notations 



Fai 



8 2 T{Z) 



8Z A dZ B 

and the following rule for Grassmann integration 

d 2 9 2 d 2 d 2 = 



Fai 



d 2 T(Z) 



dZ A dZ 1 



D 2a D 2 V 2«y2 
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